Kabuchii (Citrus keraji var. kabuchii hort. ex Tanaka, Rutaceae) is a peculiar Okinawan citrus fruit. Local farmers cultivating various Citrus fruits say that the fragrance of Kabuchii is the most relaxing, but, there are few reports on the biological effects of the essential oil of Kabuchii and its chemical components [1] . In this study, the sedative effects of inhalation of the vaporized Kabuchii essential oil in open field, Rotarod, and pentobarbital sleep tests are compared with diazepam, as a positive control. In the open field test, both Kabuchii essential oil and diazepam decreased the spontaneous motor activity dose-dependently. The reduction in spontaneous motor activity in the 0.3 mg/cage (ca. 0.0278 mg/L) Kabuchii essential oil group was greater than that in the 1 mg/kg diazepam group. In the Rotarod test, Kabuchii did not affect the motor performance, even at the highest dosage tested (3 mg/cage), whereas diazepam decreased it dosedependently. The effects of the major or characteristic components of Kabuchii, d-limonene, γ-terpinene, thymol, and p-cymene, were also evaluated in the open field and Rotarod tests. -Terpinene and thymol significantly decreased spontaneous motor activity at a dosage of 0.3 mg/cage, without affecting motor performance. Thus, -terpinene was estimated to be the main active component. Reduction in spontaneous motor activity by -terpinene in the open field test was not observed in intranasal zinc sulfate irrigation-induced anosmic mice. In the pentobarbital sleep test, both Kabuchii essential oil and diazepam potentiated pentobarbital-induced loss of the righting reflex (LRR). The LRR duration prolonging effects of both treatments were inhibited by pretreatment with flumazenil, a benzodiazepine receptor antagonist. The LRR latency reducing effect of Kabuchii was not affected by flumazenil, while that of diazepam was suppressed by it. -Terpinene showed similar potentiating effects on pentobarbital-induced sleep. Thus, vaporized Kabuchii essential oil and its active component, -terpinene, have sedative effects comparable with diazepam without inducing motor incoordination, which is a well-known side effect of diazepam.
Stress-related disorders have become a large social problem in modern society. Benzodiazepines are often used as anxiolytics, sleeping drugs, and sedatives for treating stress-related disorders [2] , but can have adverse effects such as dizziness, lack of concentration, as well as paradoxical effects such as rage, and addiction with long-term use [3] . Therefore, it is important to reduce the symptoms without using benzodiazepines. Aromatherapy is one of the candidates for such a purpose. In this study, we have investigated the sedative effects of vaporized essential oil of Kabuchii fruits. Kabuchii (Citrus keraji var. kabuchii hort. ex Tanaka, Rutaceae), is an Okinawan citrus fruit, with thick peel and refreshing fragrance. Cultivation began in the central part of the main island of Okinawa hundreds of years ago. However, Kabuchii is hardly known outside Okinawa, even in Japan. Figure 1A ). These mice did not become hyperactive and no abnormal behavior such as freezing and jumping were observed. The reduction of spontaneous motor activity by Kabuchii essential oil at 0.3 mg/cage was greater than diazepam 1 mg/kg ( Figure 1B) .
To determine the active principal, the effects were examined of characteristic components of the essential oil, d-limonene, pcymene, -terpinene, and thymol, at a dosage of 0.3 mg/cage ( Figure 1C ). -Terpinene and thymol reduced spontaneous motor activity significantly, whereas d-limonene and p-cymene did not show any effect. Because -terpinene showed a much stronger effect than thymol, which is a minor component ( diazepam treated group and only one mouse in the 5 mg/kg diazepam treated group remained on the rotating rod after 300 sec. Therefore, the reduction of spontaneous motor activity by 5 mg/kg diazepam seemed to be based on motor incoordination. Thus, the vaporized Kabuchii essential oil at 3 mg/cage showed sedative effects stronger than those of 1 mg/kg diazepam without showing impaired motor coordination, a common adverse effect of benzodiazepines. Next, we examined the effects of Kabuchii essential oil on pentobarbital-induced sleep. The vaporized oil induced rapid onset of the pentobarbital-induced loss of righting reflex (LRR) and reduced LRR latency dose-dependently ( Figure 2A ). Also, vaporized Kabuchii essential oil prolonged LRR duration dosedependently ( Figure 2a ). Because Kabuchii did not cause motor incoordination, which was observed for diazepam in the Rotarod test, these effects on LRR were not caused by muscle relaxant effects. -Terpinene and thymol also showed similar pentobarbitalinduced LRR potentiating effects in the pentobarbital induced sleep test ( Figure 2B , 2b, 2C, 2c). The combining effect of -terpinene and thymol was examined ( Figure 3 ). γ-Terpinene and thymol were mixed in the ratio of 15:1, which is a characteristic ratio of these components in Kabuchii essential oil. Although the dosage of thymol (ca. 0.02 mg/cage) in this experiment showed no obvious effect by itself ( Figure 2C, 2c ), the combination slightly shortened LRR latency and slightly prolonged LRR duration in comparison with -terpinene alone ( Figure 3 ). Thus, the combination of these compounds in the proper ratio might enhance the effects. Because, the pentobarbital-induced LRR potentiating effects of vaporized Kabuchii essential oil and its component, -terpinene were comparable with diazepam ( Figure 4A, 4a ), the involvement of the benzodiazepine receptor in their effects was examined using a specific benzodiazepine receptor antagonist, flumazenil [7] . Flumazenil pretreatment did not affect the pentobarbital induced sleep by itself, but reduced the effects of diazepam ( Figure 4B (Figure 5b ). Contrary to our expectation, pretreatment with flumazenil significantly reduced LRR duration in both the Kabuchii group and -terpinene group, but the LRR latency shortening effects in these groups were not affected by flumazenil pretreatment (Figure 5A, 5b) . Thus, benzodiazepine receptors seemed to be partially involved in these effects, and also the involvement of some other mechanism was suggested. This might explain why Kabuchii essential oil and its components only produced sedation, whereas diazepam produced both sedation and impaired motor coordination.
Sedative effects of Kabuchii essential oil and its active component, -terpinene Natural Product Communications Vol. 11 (8) 2016 1177 In this study, we have shown for the first time that vaporized Kabuchii essential oil and its component, -terpinene, have diazepam-like potentiating effects on pentobarbital-induced loss of the righting reflex (LRR) in the pentobarbital-induced sleep test. -Terpinene is one of the major volatile components of the leaves and terminal branchlets of Melaleuca alternifolia (Maiden and Betche) Cheel (Myrtaceae). The essential oil of M. alternifolia is known to have strong antimicrobial activity [8] . Thymol is a main volatile component of the dried leaves and flowering tops of Thymus vulgaris L. (Lamiaceae). The spasmolytic and antitussive activity of thyme has often been attributed to the phenolic constituent thymol and carvacrol, which make up a large percentage of the volatile oil [9] . Both thyme essential oil and thymol have activity against a number of fungi, including Cryptococcus neoformans, Aspergillus, Saprolegnia, and Zygorhynchus species, and bacteria, including Salmonella typhimurium, Staphylococcus aureus, and Escherichia coli [9] . Although there is no description of Citrus fruits in the WHO monograph on selected medicinal plants, the German Commission E approved bitter orange peel, the dried fruit peel of Citrus aurantium L., for loss of appetite and dyspeptic ailments [10] .
Either Kabuchii essential oil or its component, -terpinene, were volatilized in a sealed cage with a volume of ca.10,000 cm 3 . Therefore, dosages of 0.03, 0.3, and 3 mg/cage are equivalent to concentrations of ca. 0.003, 0.03, and 0.3 mg/L, respectively. The lower concentrations are well within the range of the normal use of aromatherapy. The aroma of lavender was proved to be effective for mild insomnia [11] . Inhalation of linalool, a main component of lavender oil, was reported to increase pentobarbital sleeping time, but the concentration was much higher (1-3%) than in our study [12] . In order to examine the involvement of odor receptor stimulation by -terpinene, intranasal zinc sulfate irrigation-induced anosmic mice were used in the open field test. In anosmic mice, spontaneous motor activities (counts/h) with/without -terpinene (0.3 mg/cage) were 3212 ± 148 and 4043 ± 346, respectively. Although the reduction rate with -terpinene treatment (0.3 mg/cage) in anosmic mice was 21% and much less than 36% in the normal mice ( Figure 1C) , the reduction was significant (p < 0.036, n = 7-8).
These results and the possible involvement of benzodiazepine receptors in these effects suggest that the most suitable main action site would be the central nervous system, but involvement of odor receptors cannot be discounted. Although further studies are required to specify the action site and mechanism, the present study suggests that Kabuchii essential oil might be a potent candidate for the effective treatment for mild insomnia.
Experimental
Essential oils: Kabuchii fruits, harvested at a farm (Izumi, Motobucho, Okinawa, Japan), were stored at -20 o C until extraction. Kabuchii essential oils (ca. 700 mL) were extracted by steam distillation from the peel of the fruits (100 kg in fresh weight) and stored at 4 o C at the Laboratory of Pharmacognosy, School of Pharmaceutical Sciences, Kitasato University (voucher specimen no. KB 012). Chemicals: Aromatic components used as reference compounds were purchased from the following companies: Sigma-Aldrich (MO, USA), 3-carene, p-cymene; Nacalai Tesque Inc. (Kyoto, Japan), d-limonene; Tokyo Chemical Industry Co., Ltd (Tokyo, Japan), n-octanol, -pinene, -pinene, terpinen-4-ol, -terpinene, terpinene, terpinolene, -terpineol, -terpinene; Fluka (Germany), trans-ocimene, and Kishida Chemical Co., Ltd (Osaka, Japan), thymol. Other chemicals used in this study were purchased from the following companies: Dainippon Sumitomo Pharm Co. Ltd. (Osaka, Japan), pentobarbital; Teva Pharma Japan Inc. (Osaka, Japan), diazepam; Sigma-Aldrich (MO, USA), flumazenil. For injection, pentobarbital was dissolved in saline, and diazepam and flumazenil in 10% dimethylsulfoxide (DMSO), 10% Tween 80, and 80% saline solution. For vaporization, the essential oil and its components were dissolved in 30 μL triethyl citrate (Wako Pure Chemical Industries, Ltd., Osaka, Japan), then dipped on a thick filter paper, placed on a small hot plate (essential oil diffuser; Fuji Heavy Industries Ltd) and volatilized. The cage was immediately covered with a thin plastic wrap. Estimated vapor concentration in the plastic wrapsealed cage was 0.0278 mg/L when 0.3 mg of essential oil was administered.
Animals:
All the experiments were performed with 5-week-old male ddY mice (Japan SLC, Ltd., Tokyo, Japan). The animals were maintained at the Laboratory Animal Research Center of Kitasato University, housed in polycarbonate cages with a 12 h : 12 h lightdark cycle at 55 ± 5% humidity and an ambient temperature of 22 ± 1°C, and the mice had access to food and water ad libitum. During acclimation, standard diet (CE-2; CLEA Japan Inc., Tokyo, Japan) and water were provided ad libitum for at least 3 days. Intranasal zinc sulfate irrigation-induced anosmic mice were prepared as mentioned in a previous study [13] . Mice were allowed to acclimate to the experimental room for at least 1 h prior to the beginning of any experiment. All experiments were performed between 10:00 -17: 00. Animal protocols were approved by the Kitasato University School of Pharmaceutical Sciences Animal Care and Use Committee (approval number F10-1, 07 July 2010), and all experiments were conducted in accordance with the Institute for Laboratory Animal Research Guide for Care and Use of Laboratory Animals.
Open field test: Spontaneous motor activity in the open field test was measured using a passive infrared sensor detection system (SUPERMEX CompACT AMS; Muromachi Kikai Co., Ltd., Tokyo, Japan), as reported previously [14] . In short, a mouse was placed at the center of a plastic wrap-sealed cylindrical cage (22 cm in height x 25 cm in diameter) equipped with a small hot plate and a thick filter paper on it. The sample solution was dropped onto the filter paper and vaporized into the cage immediately after the transfer of a mouse. Then the cage was sealed with plastic wrap and the spontaneous motor activity of the mouse was recorded for 1 h.
Rotarod test:
Mice were trained for 2 days in 6 trials of 300-sec-run at 28 rpm on the Rotarod apparatus (MK-600 Muromachi Kikai Co. Ltd., Tokyo, Japan) so as not to fall from the rotating rod. On the 3rd day, the mice that had spent 1 h in the cage with vaporized essential oil were tested at a speed of 28 rpm over 300 sec. The latency to fall from the rod was recorded. Mice remaining on the rod for more than 300 sec were scored as 300 sec [14] .
Pentobarbital-induced sleep test:
The pentobarbital-induced sleep test was carried out using a common procedure [13] . Pentobarbital induces the loss of the righting reflex (LRR). Mice that lost the righting reflex over 1 min were considered to be asleep. Shortly, following intraperitoneal injection of pentobarbital (30 mg/kg), mice were transferred into a cage sealed with plastic wrap, and Kabuchii oil was volatilized immediately on a small hot plate in the cage. The control group received the vehicle, triethyl citrate. Each mouse was observed for measurement of LRR latency and LRR duration. LRR latency was recorded from pentobarbital injection to LRR onset. LRR duration was recorded from LRR onset to recovery of the righting reflex.
Statistical analysis:
All data are presented as mean ± SEM. values. For comparison between two groups, Student's t-test (*, p < 0.05; **, p < 0.01 vs. the control) was performed. For the multiple comparison, one-way ANOVA (p < 0.05) followed by Dunett test (*, p < 0.05; **, p < 0.01 vs. the control) or Newman-Keuls test (a,b,c, different characters means p < 0.05) were performed using GraphPad Prism5 (GraphPad Software, USA).
